This report describes the clinical and histologic recovery of a 2-year-old mixed-breed dog presented with hypovolemic shock, markedly increased serum alanine amino transferase activity, and hemoabdomen. Emergency exploratory surgery revealed a friable liver with multiple capsule hemorrhages necessitating removal of the left lateral lobe. Histologic evaluation showed acute massive hepatic necrosis with centrilobular and midzonal distribution. The dog survived, and all monitored laboratory values normalized within 7 weeks. A liver biopsy taken 8 weeks after presentation revealed normal hepatic architecture with a few, randomly distributed neu- Konakion MM, Roche Pharma, Switzerland) were also administered.
| CASE REPORT
A 2-year-old mixed-breed dog (male, neutered) weighing 10.8 kg (23.8 lb) with a body condition score (BCS) of 5 out of 9 was admitted to our clinic with a history of acute weakness and 1 episode of vomiting. Approximately 8 hours before admission, the owner had returned from a hike in the Alps where the dog was off-leash and was seen playing briefly with mushrooms, although ingestion was not Necrotic areas were sharply demarcated from the remaining viable tissue. In the adjacent parenchyma, sinusoids appeared markedly congested with multifocal leukocytostasis without neutrophilic infiltration of the parenchyma. The diagnosis was massive acute hepatic necrosis.
The dog continued to improve clinically and was discharged on day 6 after surgery. By the time of discharge, the hematocrit had increased to 24% with an adequate regenerative response, serum protein concentration was nearly normal, and ALT activity had decreased to 1917 U/L (Supporting Information Tables 1 and 2 ). The owner was advised to continue administering amoxicillin and omeprazole for 1 week and S-adenosylmethionine and ursodeoxycholic acid for another 6 weeks.
At the 1st reexamination 1 week after discharge, clinical abnormalities included a higher sleep requirement than normal and pale pink mucous membranes. The hematocrit had increased to 34%, ALT activity had substantially decreased to 308 U/L, serum bilirubin concentration had decreased to 4.5 μmol/L (0-3.5 μmol/L), and ALP activity had normalized (Supporting Information Table 3 ). The dog was clinically normal at the 2nd reexamination 3 weeks after discharge, and the only laboratory abnormality was mild anemia (Supporting Information Table 3 ). The results of all laboratory tests were normal at the 3rd reexamination 7 weeks after discharge. Ultrasonography of the liver showed mildly heterogeneous parenchymal echogenicity. At this point, the benefit of follow-up histologic examination of the liver to assess hepatic regeneration (restitutio ad integrum versus progression to chronic changes) 1 was discussed, and collection of liver biopsy specimens was planned for the next day. Coagulation times (PT, aPTT) Table 3 ). Liver function testing consisting of preprandial and postprandial serum bile acid concentration as well as plasma ammonium concentration was normal. The radiographic liver size based on gastric axis position was slightly smaller than normal; however, it was unclear whether this was because of lobectomy or fibrosis. Hepatic ultrasonography was not done because of its low sensitivity and specificity for detection of parenchymal abnormalities. 2, 3 At the time of manuscript preparation (7 years after initial presentation), the dog is still in excellent health. Results of routine predental laboratory testing (CBC, serum biochemistry panel) were all normal (Supporting Information Table 3 ).
| DISCUSSION
This case report is noteworthy because it provides veterinarians with information on the histologic and clinical long-term recovery of a dog with acute liver failure (ALF) caused by massive hepatic necrosis.
Information such as this is invaluable for providing owners with the possibility for a positive long-term outcome.
In dogs, ALF is defined as the development of acute clinical signs with concurrent hyperbilirubinemia and coagulopathy. 4 Because of Although a plethora of experimental data on hepatic regeneration in dogs exists in the literature 19 that might also be extrapolated to regenerative responses after massive necrosis, to our knowledge, there is no information regarding hepatic regeneration after acute hepatic necrosis in dogs. Available information focuses on carbon-tetrachloride-induced hepatic necrosis (administered over the course of 14-20 days), 20 and results suggest that histologic evidence of moderate necrosis and destruction of normal lobular architecture is still present 8 weeks after induction of necrosis. 20 Based on observations of young people with ALF, it has been proposed that a high proportion of surviving hepatocytes within necrotic parenchyma is not a prerequisite for native liver regeneration. 21 In cases of complete hepatocyte regeneration, necrosis of up to 80% of the liver cell mass in resected native liver has been described. 21 In the course of hepatocyte regeneration after massive hepatic necrosis, ductular cell proliferation plays an important role. These so-called "ductular reactions" composed of hepatic progenitor cells (HPC) probably emanate from the canals of Hering, located close to the limiting plate. 22 In human hepatology, massive hepatocyte loss caused by viral infections or ingestion of toxic substances triggers an HPC response within 24 hours and a prominent ductular reaction can be observed. Proliferation is followed by differentiation, during which the ductular reactions give rise to "hepatocyte-like cells" also identified as intermediate hepa-
tocytes. 23 In dogs, the involvement of the HPC compartment has also been described in acute hepatitis. 23 A ductular reaction has been observed localized to the site of injury, accompanied by intermediate cells. 24 Later, these cells then decrease in number and subsequently complete differentiation into hepatocytes. 25 In humans, sequential histologic evaluation after massive hepatic necrosis because of fulminant viral hepatitis B infection showed that liver cell regeneration started with proliferation of HPC at 7-10 days after auxiliary partial orthotopic liver transplantation. 26 Hepatocyte differentiation of HPC occurred close to 1 month after transplantation. At 2 months, there was no evidence of necrosis, ductules decreased in number, and numerous individual hepatocytes appeared in the native liver. 26 The hepatic regenerative process in our case appeared rapid and extensive. At 8 weeks, there was no histologic evidence of embryonic ductule buds, and only fully developed hepatocytes, lobules, and portal triads were seen. We also found it remarkable that such marked panlobular necrosis was followed by complete regeneration without evidence of fibrotic changes. The scattered foci of neutrophilic infiltration were believed to reflect a remnant reparative response.
Concurrent normalization of liver enzyme activities and indirect liver function variables further supported the theory of a rapid healing response. The 2nd histologic evaluation did not strictly reflect the regenerative response to the initial insult of necrosis because the most severely affected hemorrhaging lobe had been removed. A limitation of this case report is the lack of biopsies from additional liver lobes; however, it was assumed that the disease process was affecting the entire liver based on the gross appearance during surgery.
In addition to factors such as the etiology of the disease and results of clinical and laboratory testing, the time chosen for re-biopsy of the liver is likely crucial for detecting the development of chronic changes.
Our decision was based on work by Poldervaart et al who reported that a fraction (5/12 repeatedly sampled dogs) of dogs with acute hepatitis went on to develop chronic hepatic disease. 1 The authors suggested that early recognition and treatment with corticosteroids are of key importance for prevention of disease progression and increased survival time. It is difficult to compare our case to results of that study as details on the severity of necroinflammatory lesions in the repeatedly sampled dogs with "acute hepatitis" were not provided. In that study, dogs with "severe acute hepatitis" died, and the remaining acute hepatitis cases that underwent a 2nd liver biopsy 6 weeks later very likely represented disease entities that differed from our case. 1 We ultimately decided to refrain from treatment with corticosteroids because the amount of reticulin fibers was deemed normal. In addition, the owner did not want to pursue collection of further liver biopsy specimens for assessment of the degree of hepatic fibrosis.
In summary, this case report describes complete and long-term 
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article. 
